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Abstract

The measurement of the elemental composition of historical pottery
is of particular importance. By examining the elemental composition
of the body and glaze of historical pottery, one can obtain valuable
information regarding the determination of raw materials and their
diversity, as well as techniques employed in the manufacturing of these
historical objects. In this research, 12 samples of the mina'i pottery from
Alamut Castle, dating back to the 11th to 13th centuries AD, have been
studied using ion beam analysis techniques. In this study, the elemental
composition of the body, various pigments used in the paintings, and also
the baseglaze have been measured using the micro-PIXE. Additionally,
the thickness of the gold layer applied on the surfaces of some of
these potteries has also been studied using the micro-RBS method. The
purpose of conducting this research is to provide appropriate answers
to the following questions: What raw materials have been used in the
manufacturing of the body and glaze of these objects? What sources
have supplied the raw materials used as fluxes? Also, what coloring
agents and elements have been used to create different colors in the
baseglaze and decorative paintings? Measuting the thickness of the gold
layer used in these decorations is also one of the goals of this research
work. Based on the results obtained from the elemental composition of
the body and glaze of these potteries, it can be concluded that different
sources of silica and fluxes have been used in the manufacturing of
Alamut Castle mina'i potteties. Also, the coloring agents in producing
red, white, blue, and turquoise pigments have been identified as Fe, Sn,
Co and Cu elements, respectively. Moreover, the micro-RBS shows that
the thickness of the gold layer used in decorations varies from 300 to
800 nanometers in the samples.
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Figure 1. Images of the samples under investigation and the various analysis areas,

which are indicated using squares in the sample images.



OF9 59y oSy S jlodlitl b gall 55 olive (sloJlbw (g paie JUT 5 hdasuis

Ja_»)y cbc Sy 03— oA_».fl)a duuy ,\49_4.»‘50
d o Sl o a0y el 5l S
Cunddy b 5l g 0 Sl g o 4iiS  xda
Dges Ciliste (cladis 390 55 (aho leMbl oa]

.(Beck et al,, 2011) s o cwd 4y Ban

2MeV 5=l Gaan saSo)l plnoy o
ol b wgi 4 S 50pA dgd > > Ja b L g
5 pole oS inggy CBl,5 sy oS iylol BMV Gil, gl
b il 0a odlaiwl g o S g (gl n e
459,800 oSod jl odlii ol Ly (4559 (54501
ol 0y0a ST S i b gy od i s lw Sem
Slyt b o sl g o V- 290> 3 iloj]
WO gl 534S (Si L) sl Sl 51 X anisl g luw 5]
548,58 (9398 (9o n SLpgin 4o Cund
el 03 odlal el 150eV S8 ¢ya8 glyls
2 4 0SS L) ST )y ieen
I8 (69958 (645 ,b sl dy Cuid an > VE aylj
ey a8 oLy (53wl (25 e
A wlo (gl il o oalatwl g 0 00 STy
odiad JS i ol Jig dopd g e lale i o
L old o oa_doslawl o lisee (sl adid S5, 5 4y
o i 4ty g9y ab) e glacld (izen
GUPIXWIN 45 54 codsl cwd dy sLacil
S dn b o syl By L oS (ol 09 e
sl potne Si3eb celmyelyly 5l odliiul L g ol
s el Sl Gl KT g5 iplojl Ll
aleMol plogl L g il jolie (iglig clade
dged omd JSit yolis (Sjg cdile lie Y
- (Fernandes et al., 2018) &S o dwlws Iy (awyy 3)90

Sy g adly

Wy g i T s
55 51 00 3T (gl i 4ty (5 ymie 3l gl
o 1 Sy Son oy i L ol
ol 4l Y Jod > sl Cjgios 9 (g Ao
o 5T L mdiges dat 3 &S gy olic el
(N220) i duS T ol el 00 (g )50l
(ALO3) pg—siogll S suS] (MEO) osjsto +puS]

o293 LRy,
S5l 3 Pe S a0l jl el l Ly
Sl ol Ly 5T gLl o La Ul los e
by inliél 00U imee 4 |y Jghito gy (64 Sl
OlsSise oS aSyle sl ool Ly el (] o
9305 (O5—sl) Lol |y gy 3)9—0 dged oo
|y 4903 )3 39290 (5 yais @iy | S 93 S g
o sk L Ul i lisee sla b, Sl eslil Ly
(Nastasi et al., 2014, pp.157-160) 3)5] Cwd 4y
micro- 3 micro-PIXE sla g, il Lipgh oyl 5
a0y Y g oliue claliw a s ol RBS
4 gy—aie j Ul ol aai oolil gl 5
561 )5 Jglaso sl by, j) (S puSgsSee b
X g5 Jo” Ly Sipg)Se Cal Slgo (g ple
U9y OSast s-Sam A Se e L (S 13
(gl U s ) gyt g 01 (6l (giallys
903 e S99 3 Cml i lizio (slndiges
0993 (P95 AL Il o9 () 3)5
Ban o5 L 9Sgn 2095 51 3 0SB
o=l 5y 48 298 e JnS Glias i X g5
SLagp M g diged 3 39290 yals 95 X 5y
oA |y dsged 3 pate C Bl (e 5T L X
(Johansson & Campbell, 1989, pp.101-104) .S »
Sy s F9rSee gl il oalai il Ly oy izman
g am pLB Gom a Sk 45 (S5 Lo
Calsus yg0 53 (gdio SleMbl i wn 40Y
el e g (rtmen g SHLS claaY
a4 S 5yl oty LaaY ol osims LS5
okl Ly (o)8 Scab" Ly micro-RBS ¢ g,
9y ol e e 4SS )y (Sa Sy ]
s a4 G b (gl ST 4l 5 U]
diged )0 39290 dLa:p.‘il L;L:bc\;'_u.\.to 4_1.,,..;54{ OL....LJ;S
Jeynes &) ol lgil B9 0 0081y 5JUT 590
L daiyg 5l elsasSb sy oy 3 (Colaux, 2016
50355 )55 2 Ul 3,90 digad ay e e (55,
8395 sl ol 9 38 (o0 S5 > dged (Bes
395 55y aban aised slal Ly 3jg 50 51
0a STy g 0l cwd | i yamne Jobo jd ey |



=y &y (Mason, 2004,pp.5-17) cwl 0a s o
é__gl.l.a 9 amsw uL....S).’ 3 d9—>90 L;L.moglb.‘;
Joas 3 JUT elaardli w5 oaSoslitl Ll
i Ao Sl «gall 5 () gaboge
bl w ol asw snad LS i Lol , sle
Cdlo) ol (ool (5,8 9 e sl 0 ()
Slea s aJgr sladises 4 S el &g oipl 4
Srolis (39 4oy b gl o3l g5 S
hb oo (B e Sl Lol 3929 45
Pincé) s9— Jales ol l_»..:).o; Symaie OluS
i Y S5 3 ool ] 4 (et al,, 2019
T T vam { i PO Wy
ol ST (539 oy Ol -V USS 3

L) ol 5 i) (ot IS A . <|L’A >y

Olie 48 Cl ez e WY b 4 a sy Lo
diged jad Landiged plos > b (59 4oy
2 il ST e g Ao ASAe o A2
A0 )0 S o yudd Ao d V=Y o Ladiges ol
AT lie 9 403 OF s (e j A2
3 A oyl 3 A4S Cl i) A 3ga s o ineg]]

ST (K20) ppmpliy dunST (SIO2) il 35|
e 38T (TI02) piliss 38T (Ca0) ol
S| iz el (Fe203) o2l 1Sy MnO)
ST (Cl) ,IS (SO3) 5,555 381 (P205) yid
o A5 ($10) il 181 (CuO) s
oAb (5 y—Sojlul Ladiges Sl (S)— » j—s (PPO)
UAT e A0 (6 ymais SLuS g el sl o el
@ges ¥l oo 3BT cladiges 1 4 el
Sy L s (gpmais LS 5 (gl Latigos 4y
et SS9, 5 0 Ladiged ol d sy g i wn
lg—o £5 5 E55 sy Sl A5 o0 B S
ool lmardlicas Lol 4y 55 o4 ool ol 4
S3Sn slp g Sl 0diiS (s 9 a3l jolie
» oadal)] (gymaie S gl bl i 9

g oo 03wl ¥ Jgd o
ST g8 o oaaldio V Join 345 - bplon
o33 S5 (godlo (s fodas (i) sl
Gl g all 53 a0y5Y 5 olie sla Jlaw a s

L;Lmd..;,)lé._.w s M d._,:.l9| L;cal_,o d_».e‘) dl)_g
ool "S5 03 Ly g oy SLS 5§l Yoasne S

gy il odlatul b (Vowt) (39 Mo pd s g ST Cyguods igall 55 4y Y 5 slue ladi)law G0 (g pais SlS Y o>

Table 1. Elemental compositions of the body of Mina'i and Lajvardina pottery from Alamut Castle in the form of

oxides and in terms of weight percentage (wt%) using the micro-PIXE method.

PbO | StO | CupO | FepO3 | MnO | TiOp | CaO | KpO | Cl | SO3 | SiOp | AlbO3 | MgO | NaxO | Sample
- - 0.13 2.8 0.09 | 0.37 | 4.88 | 0.74 - - 80.2 536 | 3.28 | 2.15 Al
- 0.06 | 0.09 411 | 0.06 | 0.42 | 11.32 | 1.39 | 0.16 | 18.4 | 52.06 | 8.63 2.5 0.76 A2
- - 0.09 1.17 | 0.03 | 0.18 | 2.64 | 1.05 - - 86.13 3.6 3.1 2.01 A3

0.79 1 0.17 | 0.02 1.26 | 0.02 | 0.81 | 2.01 | 0.95] 0.23 - 84.83 54 0.72 | 2.79 A4
- 0.16 | 0.08 229 1 0.05] 0.3 | 449 | 0.69 | 0.11 - 80.69 | 5.17 34 | 251 A5
- - 0.02 1.31 [ 0.03 | 0.2 | 292 | 0.94 | 0.07 - 83.67 | 534 | 291 | 259 A6
- - 0.03 1.74 | 0.05 | 0.17 | 3.05 | 1.11 - - 83.8 491 295 | 2.19 A7
- 0.11 | 0.07 1.55 [ 0.03 | 0.17 | 3.81 | 0.75 | 0.11 | 0.72 | 80.66 | 5.93 | 3.34 | 2.75 A8
- - 0.03 1.19 | 0.03 | 0.12 | 3.2 | 139 0.14 - 83.21| 5.14 | 3.15 2.4 A9

0.31 - - 1.38 | 0.02 | 1.04 | 1.63 | 1.47 | 0.33 - 83.27 6.7 0.9 2.95 A10
- - - 1.57 | 0.02 | 0.17 | 3.2 | 1.37 - 0.27 | 82.1 5.33 | 3.67 2.3 Al1l
- - 0.04 1.09 | 0.02 | 0.12 | 2.26 | 0.75 | 0.09 - | 8517 | 456 | 342 | 248 Al12
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Figure 4. Variations in the weight percentage of calcium oxide, aluminum oxide, and titanium oxide based on weight

percentage in the body of the analyzed samples from Alamut Castle.
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Table 2. Elemental compositions of the glaze of Mina'i and Lajvardina pottery from Alamut Castle in the form of
oxides and in terms of weight percentage (wt%o) using the micro-PIXE method (nd= not detected, f= front, b= back).

KO Cl SO3 P20Og SiOp AlpO3 MgO NapO | Color glaze | Sample
2.06 1.47 0.56 nd 74.64 5.85 1.57 nd Green Alf
1.71 0.31 nd nd 76.59 7.69 0.94 nd Turquoise A2f
2.89 0.30 nd nd 71.80 4.02 1.43 1.34 Green A3f
1.85 0.18 nd nd 77.70 5.92 0.47 0.40 Green A3b
1.61 0.26 5.55 nd 43.26 5.28 0.76 nd Cream A4f
1.98 0.45 0.28 nd 47.73 341 nd 0.32 Blue Adb
2.40 0.37 0.32 nd 73.14 5.76 1.02 1.74 Green AS5f
2.92 0.19 nd nd 74.47 1.40 1.13 2.11 Azure A6f
2.37 0.65 3.80 nd 71.04 4.82 1.20 1.42 Green A6b
2.00 0.70 473 nd 61.63 6.54 1.81 nd Azure ATf
2.36 0.51 0.66 nd 73.48 4.27 1.78 3.81 Green A8f
217 0.33 nd nd 54.12 1.41 1.28 2.93 Cream A10f
2.34 1.32 nd nd 42.71 179 |12 243 ij;lraeze) A10b
2.52 0.36 nd nd 60.05 1.17 1.50 3.26 Cream A10b
1.79 0.15 0.49 nd 82.18 6.69 0.33 nd Cream Al1f
3.72 0.54 0.89 nd 59.44 5.02 0.89 0.94 Blue A12f
PbO | SnOp | CoO | ZnO | CupO | FepO3 | MnO | TiO2 CaO | Color glaze | Sample
0.66 nd nd nd 2.07 2.41 nd 0.16 8.58 Green Alf
0.65 nd nd nd 243 1.75 0.05 0.11 7.80 Turquoise A2f
4.33 nd nd nd 4.62 1.57 0.09 0.13 7.51 Green A3f
2.63 nd nd nd 1.77 2.74 0.05 0.23 6.10 Green A3b
10.48 | 22.48 nd nd nd 1.57 nd 0.19 8.56 Cream Adf
28.41 | 10.77 0.22 nd 0.19 2.00 0.03 0.12 4.09 Blue A4db
2.42 nd nd 0.14 3.20 1.41 nd 0.10 7.34 Green A5f
4.04 nd 1.04 nd 1.44 3.31 0.09 nd 7.65 Azure AGf
0.36 nd nd nd 1.06 2.35 0.07 0.19 10.68 Green AG6b
1.10 nd 1.33 nd 0.28 9.56 1.00 0.39 10.85 Azure A7
1.74 nd nd nd 3.04 1.40 0.05 0.11 6.70 Green A8f
24.26 8.09 nd nd 0.10 0.92 0.05 0.12 411 Cream A10f
22.87 | 10.40 2.79 0.05 0.43 2.08 0.07 0.17 5.89 (oig;ze) A10b
19.89 5.68 nd nd 0.13 0.79 0.04 0.12 447 Cream A10b
nd nd nd nd nd 2.53 nd 0.17 5.68 Cream Al1f
212 1.23 nd 0.16 7.79 3.42 0.12 0.20 8.69 Blue Al12f
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Figure 5. Micro-PIXE spectra obtained from the analysis of two different areas in sample A3, as shown in Figure 1.
Area 1 is outside the gilded layer, and Area 2 includes the gilded layer.
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Figure 6. Elemental distribution
of some elements in two
different areas of sample A3,
shown in the optical image with
Area 1 marked by a red square
and Area 2 marked by a blue
square. The dimensions of the
analyzed areas in the sample are
approximately 2.5X2.5 mm.
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Table 3. Weight percentage of elements present in the red, white, and gilded areas in Areas 1 and 2 of sample A3.
Additionally, the elemental compositions of the glaze on the front, back, and body of sample 3 are presented in this
table for comparison.

Cady )jomw Sl o35 58 lad St A
B | oty | M| e | e | st | O
(back) glaze (front) pigment
2.01 0.37 1.34 - 0.56 - NapO
3.1 0.47 1.43 - 1.63 0.96 MgO
3.6 5.92 4.01 1.55 3.53 1.2 AlpO3
86.13 77.69 71.80 15.57 05.76 39.99 SiO2
- - - 2.32 0.62 - SO3
- 0.18 0.30 0.54 0.51 0.38 Cl
1.05 1.84 2.90 - 1.69 213 KO
2.64 6.11 7.51 4.72 9.67 8.03 CaO
0.18 0.23 0.13 0.19 0.20 0.15 TiO2
0.03 0.05 0.09 - 0.07 0.079 MnO
1.17 2.76 1.55 0.97 7.56 1.63 FepO3
0.09 1.77 4.62 1.05 3.78 4.88 CupO
- - - 61.13 - - SnOp
- - - - - 36.53 Aup0O3
- 2.63 4.33 10.21 4.41 4.00 PbO
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Figure 7. Variations in the weight percentage of calcium oxide and lead oxide present in the glaze of the analyzed

samples.
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Figure 9. Comparison of micro-RBS spectra obtained from the gilded layer in three different samples.
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Table. Measurement results and calculation of the thickness of the gold layer and its penetration into the glaze for
two samples, A8 and A2.

(o3l Ao ) Y siad S polis
Elements forming the layer
(atomic percentage).
S Y culis Y culis
(2e90) 15 2 o digai IS
olsilprlc A (10"~ atom/cm?) Sy iy
" . Go%d Layer Layer Thickness Layer Order, Sample
Thickness 5 Code.
(nanometers), (x10°" atom/cm?).
o N T 320 1900 Pl (2l 4Y) gl 4
First Layer (Pure Gold Layer),
(o i 205 o) o3 &Y
40 | 18 2 24 16 - 3200 Second Layer (Base Glaze with
Gold Impurities).
A8
(Mo 2BL L aie; GlW) pow Y
64 | 13 2 11 10 - 2500 Third Layer (Base Glaze with
Gold Impurities).
64 (36 [25] 2 | 0 - 130000 (a0 ) p oy Y
Fourth Layer (Base Glaze).
e T 560 3000 S el 4Y) Jol Y
First Layer (Pure Gold Layer).
(Mo 2IBU L ae; Gld) pgd Y
20 | 18 2 30 | 30 - 3300 Second Layer (Base Glaze with A2
Gold Impurities).
60|35 4 | 1|0 - 130000 (diej b)) po &Y
Third Layer (Base Glaze).
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